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(57)Abstract 

PROBLEM TO BE SOLVED: To relax the stress to a 
semiconductor substrate from an element separating 
region, by constructing a trench oxide film for falling a 
trench region from a compound layer consisting of 
different oxide films. 

SOLUTION: A trench oxide film 25 for filling a trench 
region is formed of a compound layer consisting of a first 
oxide film 22, having a tensile stress characteristic 
required by an oxide film with a good trench filling 
characteristic, and a second oxide film 24, having a „ 
compression stress larger than that of the first oxide 
film 22. Thus, the stress in the trench oxide film 25 and 
the stress applied to a semiconductor substrate 10 
therefrom, when the trench oxide film 25 is formed and 
heat-treated, can be decreased. Therefore, generation of 
silicon defects due to the stress within the 
semiconductor substrate 10 can be suppressed. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The trench separation method characterized by carrying out densification of it in the 
trench separation method of a semiconductor substrate after forming the oxide film for trench 
restoration which fills a trench field by two sorts of different oxide films. 
[Claim 2] The stage which forms the mask layer in which the portion which becomes a trench 
field is exposed on a semiconductor substrate, The stage which etches a portion without the 
mask layer by this, and forms a trench field, The stage which forms an oxide film in the trench 
field, and the stage which forms the oxide film for trench restoration by two sorts of different 
oxide films all over a next trench field and a mask layer, The stage which carries out 
densification of the formed oxide film for trench restoration, and the stage which etches and 
carries out flattening until a mask layer exposes the oxide film for trench restoration after 
densification, The trench separation method of the semiconductor substrate characterized by 
performing the stage which etches until a semiconductor substrate is exposed next, and forms 
an isolation film. 

[Claim 3] The oxide film for trench restoration is the trench separation method according to 
claim 1 or 2 which consists of the 1st oxjde film and the 2nd oxide film which have a different 
stress property after formation. 

[Claim 4] It is the trench separation method according to claim 3 that the 1st oxide film has a 
tensile stress property, and the 2nd oxide film has a compressive-stress property. 
[Claim 5] The 1st oxide film is the trench separation method according to claim 3 or 4 formed by 
the CVD oxide film based on TEOS-03. 

[Claim 6] The 2nd oxide film is the trench separation method given in any of the PECVD oxide 
film based on TEOS, the PECVD oxide film based on SiH4, or a HDP oxide film, or any 1 term of 
the claims 3-5 formed by one. 

[Claim 7] It is the trench separation method according to claim 3 that the 1st oxide film has a 
compressive-stress property, and the 2nd oxide film has a tensile stress property. 
[Claim 8] The 1 st oxide film is the trench separation method according to claim 3 or 7 formed by 
the HDP oxide film. 

[Claim 9] The 2nd oxide film is the claim 3 formed by the CVD oxide film based on TEOS-03, 
and the trench separation method according to claim 7 or 8. 

[Claim 10] The stage which forms a mask layer is the trench separation method given in any 1 
term of the claims 2-9 including the stage which forms a pad oxide film and a nitride on a 
semiconductor substrate, and the stage which carries out patterning of a nitride and the pad 
oxide film to order. 

[Claim 11] The trench separation method according to claim 10 which carries out patterning of a 
sacrifice oxide film, a nitride, and the pad oxide film to order, including further the stage which 
forms a sacrifice oxide film on a nitride. 

[Claim 12] A sacrifice oxide film is the trench separation method according to claim 11 formed 
by the oxidizing [ thermally ] method. 

[Claim 13] The stage which forms an oxide film in a trench field is the trench separation method 
given in any 1 term of the claims 2-12 performed by the oxidizing [ thermally ] method. 



[Claim 14] The stage which carries out densification of the oxide film for trench restoration is 
the trench separation method given in any 1 term of the claims 2-13 performed by heat-treating 
at the temperature of 1 000-1 200 degrees C. 

[Claim 15] The stage after the oxide-film densification for trench restoration which carries out 
flattening is the trench separation method given in any 1 term of the claims 2-14 performed by 
the CMP method or the etchback method. 

[Claim 16] The stage which forms ah isolation film is the trench separation method given in any 1 
term of the claims 2-15 which remove a mask layer by the wet chemical engraving method, and 
perform it 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the manufacture method 

of a semiconductor device, especially relates to the isolation method by the trench 

[0002] 

[Description of the Prior Art] Separation of the element using the trench is needed as the 
degree of integration of a semiconductor device goes up f and research of the element using this 
and development are performed. By the usual trench separation method, a semiconductor 
substrate is etched, and a cross section forms a square trench field and forms the isolation film 
which consists of insulating material in a trench field. 
[0003] 

[Problem(s) to be Solved by the Invention] At the time of the chemical engraving for forming a 
trench field, in order to correct the damaged portion, in the process which carries out 
densification of the insulating material diffused inside a trench field in the oxidization process of 
the trench wall carried out to a well, the stress generated according to the difference of the 
coefficient of thermal expansion of an isolation film and a semiconductor substrate is especially 
accumulated from the corner section of a trench intensively to a semiconductor substrate the 
surroundings of an isolation film. The stress accumulated at the semiconductor substrate 
induces a silicon defect like transposition (dislocation) within a semiconductor substrate, and 
according to this silicon defect the leakage current of a semiconductor device increases and it 
becomes the malfunction of a semiconductor device, and the cause of an increase of power 
consumption. 

[0004] The purpose of this invention is to offer the manufacture method of the trench isolation 
construction which makes the stress which joins a semiconductor substrate from an isolation 
field ease. 
[0005] 

[Means for Solving the Problem] The trench separation method of this invention which solves 
the above technical problems is characterized by constituting the oxide film for trench 
restoration which fills a trench field by the compound layer which consists of two sorts of 
different oxide films. 

[0006] The stage which forms the mask layer in which the portion which becomes a trench field 
is exposed as the concrete trench separation method on a semiconductor substrate, The stage 
which etches a portion without the mask layer by this, and forms a trench field, The stage which 
forms an oxide film in the formed trench field, and the stage which forms the oxide film for 
trench restoration by two sorts of different oxide films all over a next trench field and a mask 
layer, It is characterized by performing the stage which carries out densification of the formed 
oxide film for trench restoration, the stage which etches and carries out flattening until a mask 
layer exposes the oxide film for trench restoration after densification, and the stage which 
etches until a semiconductor substrate is exposed next, and forms an isolation film. 
[0007] The oxide film for trench restoration consists of the 1st oxide film and the 2nd oxide film 
which have a different stress property after formation. For example, the 1st oxide film has a 



tensile stress property, and, as for the 2nd oxide film, it is good to have a compressive-stress 
property. Such 1st oxide film can be formed by the CVD oxide film based on TEOS-03, and can 
form the 2nd oxide film by any of the PECVD oxide film based on TEOS, the PECVD oxide film 
based on SiH4, or a HDP oxide film, or one. Or contrary to this, the 1st oxide film may have a 
compressive-stress property, and the 2nd oxide film may have a tensile stress property. In this 
case, the 1st oxide film is formed by the HDP oxide film, and the 2nd oxide film is formed by the 
CVD oxide film based on TEOS-03. 

[0008] The stage which forms a mask layer is with the stage which forms a pad oxide film and a 
nitride on a semiconductor substrate, and the stage which carries out patterning of these 
nitrides and the pad oxide film to order. Moreover, you may carry out patterning of a sacrifice 
oxide film, a nitride, and the pad oxide film to order, including further the stage which forms a 
sacrifice oxide film on the nitride. A sacrifice oxide film is formed by the oxidizing [ thermally ] 
method. The stage which forms an oxide film in a trench field is performed by the oxidizing 
[ thermally ] method. The stage which carries out densification of the oxide film for trench 
restoration is performed by heat-treating at the temperature of 1000-1200 degrees C. The stage 
in which next carries out flattening is performed by the CMP (Chemical Mechanical Polishing) 
method or the etchback method. As for the stage which forms the last isolation film, it is good to 
remove a mask layer by the wet chemical engraving method, and to perform it 
[0009] 

[Embodiments of the Invention] Hereafter, based on the appended drawing, the operation form of 
this invention is explained in detail. 

[0010] Drawing 1 - drawing 5 are the cross sections of the semiconductor substrate for 
explaining the trench separation method of this invention. 

[001 1] Drawing 1 is a cross section explaining the stage which forms the mask layer 20 and the 
sacrifice layer 16 on the semiconductor substrate 10. First, the sacrifice oxide film, which has a 
pad oxide film with a thickness of 300A or less, a nitride with a thickness of 2000A or less, and 
the thickness of 3000A or less is formed on the semiconductor substrate 10. A sacrifice oxide 
film carries out the role of the sacrifice layer for protecting a nitride in a back process at the 
time of formation of a trench field, and forms it by the oxidizing [ thermally ] method. This 
sacrifice oxide film is omissible with a case. Subsequently, the mask layer 20 and the sacrifice 
layer 16 which consist of the pad oxide-film pattern 12 and the nitride pattern 14 to which the 
portion which carries out patterning of a sacrifice oxide film, a nitride, and the pad oxide film to 
order, and becomes the trench field of the semiconductor substrate 10 is exposed are formed. 
[0012] Drawing 2 is a cross section explaining the stage which forms the trench field T. The 
trench field T which carries out the dry type chemical engraving of the outcrop of the 
semiconductor substrate 10 by using the mask layer 20 as a chemical engraving mask, and has a 
depth of 10000A or less is formed. Under the present circumstances, it will also etch the 
sacrifice layer 16 simultaneously with formation of the trench field T, most will be removed, and 
only a very thin oxide film (not shown) will remain in the front face of the mask layer 20. Then, in 
order to correct the damage section at the time of a chemical engraving for the trench field T, 
an oxide film 18 is formed in the side attachment wall and base of the trench field T by the 
oxidizing [ thermally ] method. 

[0013] Drawing 3 is a cross section explaining the stage which forms the oxide film 25 for trench 
restoration. By this invention, the oxide film 25 for trench restoration is formed by the bipolar 
membrane which consists of two sorts of oxide films from which the stress property after 
formation differs. In order to form the oxide film 25 for trench restoration, after forming in the 
interior of the trench field T, and the upper surface of the nitride pattern 22 the 1st oxide film 22 
with big tensile stress as an oxide film which was excellent in the trench restoration property 
first compared with the 1st oxide film 22, the 2nd oxide film 24 with big compressive stress is 
formed on the 1st oxide film 22. Under the present circumstances, the sum of the thickness of 
the 1st oxide film 22 and the 2nd oxide film 24 is equivalent to the sum of the thickness of the 
depth of the trench field T, the pad oxide-film pattern 12, and the nitride pattern 14, and the 
thickness removed at a consecutive flattening process. For example, the depth of the trench 
field T is 6000A, and if the sum of the thickness of the pad oxide-film pattern 12 and the nitride 



pattern 14 makes 2000A thickness removed at 2000A and a flattening process, the sum of the 
thickness of the 1st oxide film 22 and the 2nd oxide film 24 will become 10000A. 
[0014] The 1st oxide film 22 is formed by the oxide film (CVD oxide film based on TEOS-03 
(TEOS-03 based CVD oxide film)) formed by the CVD method based on TEOS(tetra-ethyl- 
orthosilicate)-03. Form the 2nd oxide film 24 by the oxide film (PECVD oxide film based on 
TEOS (TEOS based PECVD oxide film)) formed by the PECVD (plasma enhanced CVD) method 
based on TEOS, it is formed by the oxide film (PECVD oxide film based on SiH4) formed by the 
PECVD method based on SiH4 ? or is formed by the HDP (High Density Plasma) oxide film. Or the 
1st oxide film 22 may be formed as a HDP oxide film, and the 2nd oxide film 24 may be formed 
by the CVD oxide film based on TEOS-03. 

[0015] Thus, the reason for forming the oxide film 25 for trench restoration by the bipolar 
membrane which consists of two-layer is as follows. In forming the restoration matter filled up 
with a trench field by the usual method, for example, the CVD oxide film based on TEOS-03, and 
forming a trench packed bed, a trench packed bed has porous membraneous quality in the state 
immediately after forming. Therefore, if an etching liquid like HF solution is used and a wet 
chemical engraving is immediately performed after forming a trench packed bed, it will etch a 
trench packed bed too much, and, as a result, will be hard to obtain the trench demarcation 
membrane of desired thickness. Therefore, after forming a trench packed bed, elevated- 
temperature heat treatment of 1000 degrees C or more will be performed, and densification of 
the trench packed bed will be carried out 

[0016] However, the recognition to the thermal stress generated during the initial stress 
immediately after forming a trench packed bed and heat treatment is low. As restoration matter 
for being filled up with a trench field, only a single oxide film is used like usual. The result which 
conducted the experiment which forms the CVD oxide film based on TEOS-03 which shows the 
behavior of tensile stress as the single oxide film, and measures the stress in an oxide film, It 
checked that an oxide film has the high tensile stress of 109 dyne/cm2 immediately after 
forming, it shows the high tensile stress of 1010 dyne/cm2 if temperature results in 700 degrees 
C in the heat treatment process for carrying out densification of the oxide film, and it added 
stress to a silicon substrate. When forming a trench packed bed by the oxide film which has any 
one stress property as a result, for example, the single film which consists only of a CVD oxide 
film based on TEOS-03 which shows the behavior of tensile stress, stress will be risen during 
heat treatment for the initial stress immediately after formation, and densification, and the 
defective probability of occurrence in a semiconductor device will increase. About the concrete 
experimental data to this, it mentions later. 

[0017] It forms by the bipolar membrane which consists of the 2nd oxide film which has two 
sorts of oxide films which have the stress property which conflicts the oxide film 25 for trench 
restoration in order to stop the initial stress of the restoration matter layer of a trench field, and 
the stress generated during heat treatment in this invention, i.e., the bipolar membrane which 
consists of the 1st oxide film 22 which has a tensile stress property, and the 2nd oxide film 24 
which has a compressive-stress property, the 1st oxide film which has a compressive-stress 
property, and a tensile stress property. Thus, densification of the formed oxide film 25 for trench 
restoration is heat-treated and carried out at the temperature of 1000-1200 degrees C. 
[0018] Drawing 4 is a cross section explaining the flattening stage of the oxide film 25 for trench 
restoration. Flattening of the oxide film 25 for trench restoration is carried out by the CMP 
method or the etchback method, and the trench packed bed 26 is formed in the interior of the 
trench field T until the nitride pattern 14 is exposed by making the nitride pattern 14 into a 
chemical engraving blocking layer. 

[0019] Drawing 5 is a cross section explaining the stage which forms an isolation film. After 
removing the exposed nitride pattern 14 by the nitride etching liquid, the pad oxide-film pattern 
12 is removed by the oxide-film etching liquid, and the front face of the semiconductor substrate 
10 is exposed. Consequently, the isolation film 28 of the same height as the height of the front 
face of the semiconductor substrate 10 is formed. 

[0020] In this invention, the oxide film 25 for trench restoration is formed by the bipolar 
membrane which consists of two sorts of oxide films from which a stress property differs. 



Thereby, the stress added to the semiconductor substrate 10 from the stress by the oxide film 
25 for trench restoration and there decreases at the time of formation of the oxide film 25 for 
trench restoration, and heat treatment, and generating of the silicon defect by the stress in the 
semiconductor substrate 10 can be suppressed. 

[0021] Table 1 shows the experimental result for evaluating the effect of the trench separation 
method by this invention. In this experiment, the 1st oxide film 22 and the 2nd oxide film 24 
which constitute the oxide film 25 for trench restoration were formed in various thickness, the 
total thickness of the oxide film 25 for trench restoration was made into 10000A, and the initial 
stress in the oxide film 25 for trench restoration was measured immediately after it Here, the 
1st oxide film was formed by the CVD oxide film based on TEOS-03 which has a compressive- 
stress property, and the 2nd oxide film was formed by the PECVD oxide film based on TEOS 



which has a tensile stress property. 
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[0022] Initial stress is small and the result of Table 1 shows a bird clapper, so that the 2nd oxide 
film is thick compared with the 1st oxide film. 

[0023] Drawing 6 is a graph which shows the stress hysteresis generated by change of 
temperature, when performing the heat treatment process for the densification of the oxide film 
25 for trench restoration to each sample of Table 1. The result of drawing 6 is data measured 30 
minutes after measuring the result of Table 1. It can find out that initial stress, i.e., the stress in 
ordinary temperature, differs from the result of Table 1 here in the case of P0. The reason is 
because drawing 6 was measured after the moisture in the atmosphere was absorbed by the 
oxide film and had absorbed moisture with time from immediately after formation of an oxide film, 
when the oxide film 25 for trench restoration is formed only by the CVD oxide film based on 
TEOS-03. 

[0024] In the result of drawing 6 . stress peak value was set to P0>P1>P4>P7>P10 in process of 
heat treatment. That is, the stress generated in process of heat treatment is small, and a bird 
clapper is known, so that the 2nd oxide film 24 is thick compared with the 1st oxide film 22. 
[0025] Drawing 7 is the graph which showed the rate of an accumulation distribution (cumulative 
distribution rate) of the OFF-current (off-current) property of each transistor, after forming a 
transistor in the semiconductor substrate 10 which formed the trench demarcation membrane as 
conditions for each sample of Table 1. When the defect density in the semiconductor substrate 
10 decreases, OFF-KARENTO decreases. That is, when the stress in the oxide film 25 for 
trench restoration is large, it turns out that defects occur to the semiconductor substrate 10 
frequently, and OFF-current fail (fail) also increases to it. 
[0026] 

[Effect of the Invention] By the above trench separation methods of this invention, the stress 
which joins a semiconductor substrate from the stress and this in the oxide film for trench 
restoration at the time of initial formation of the oxide film for trench restoration and a postheat 
treatment decreases. For this reason, generating of the silicon defect by the stress in a 
semiconductor substrate can be suppressed. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The cross section explaining the trench separation method of this invention. 
[Drawing 21 The cross section explaining the trench separation method of this invention. 
[Drawing 3] The cross section explaining the trench separation method of this invention. 
[Drawing 4] The cross section explaining the trench separation method of this invention. 
[Drawing 51 The cross section explaining the trench separation method of this invention. 
[Drawing 6] The graph which shows the stress hysteresis at the time of heat treatment for the 
oxide film for trench restoration. 

[Drawing 7] The graph which shows the rate of an accumulation distribution of the OFF-current 

property of the transistor by the trench demarcation membrane. 

[Description of Notations] 

10 Semiconductor Substrate 

12 Pad Oxide-Film Pattern 

14 Nitride Pattern 

16 Sacrifice Layer 

18 Oxide Film 

20 Mask Layer 

22 1st Oxide Film 

24 2nd Oxide Film 

25 Oxide Film for Trench Restoration 
28 Isolation Film 
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[0010] &*%bmo y. u>?jm%&& 

[0011] Hitt¥»#*si 'a±c7^^i2 o.t 

ST, ¥3f#S«l 0±C3 0 0 A&TOJPS©/ 1 ?-.? K 40 
RftM. 2 0 0 0A£TF©*a©«fcit&UC3 0 0 0 A 
&T©ffSft5rr«*ttttflsllft*J*TS. ttttttfcK 

tt. aiac*^T h u>9 i «*©»j«i9ttt<tfli€fii 

SITS fc«©ttttA ©&#JftT -5 ©TS -a TJRMfljft 

t/^ - >y uT*»#aifi i o © h u>?gi«(i7i^ 

n$-y\ 4 i ?)J&-5T7i7®2 0 tstn 6 tftjg 

J&TSo en 



#PS¥l 1 -54 6 0 5 
4 

[0 0 12] H2»i^>3MStfTft»ri&?--5&BftK 
BJ-T5»fffillT*a„ T*£Ji2 0fttt*ijT**£l, 
T, ¥*#££l 0©«ffl«*RattJl!lUTl 0 0 0 0 
A£tT©»***T5M/>^««T*»dtr4. z<D 
R. h U>?»*T©#jfc£flWfc«ttj| 1 6 %tt£l3 

nr^*«i*4sn, 77^12 o©aaBtettiMtfc 

mrbu>^m®T<Dw&&zti&ffi\zmm 1 8 
10 -r*. 

[0013] B3\tbis>?3Ei*mm{km2 s^matr 

5te*ffi®fbM2 5 ft, Ml&&<DZ V UX4*tea»SfcS 2 
«©Rfl«J:!)ft5a^«-C»j«r*. hU>?5feSffl 
■Mb*2 5 WH/>f3l9B#tt:| 

*ifcKfl:RtbT5HMs:*©**a:jgni6Yl:H2 2th • 
^>?®®T<Dft®&ZtmkmA*->2 2©±HfK» 
J&Lfcg, Sl^bK2 2±lc^l®{bK2 2CJt^T 
EE*tj£;*J©;*:£&Jg 2 m<tm 2 4 ft^j&T-S. c ©^. 

0 »l«fcK2 2i»2«ffc«t24i©JP3©att. hp 

>«WTossi^y K^{bM/^->i 2msmt 
w*9—>i 4©jpstaai©Tafl:ieTi*ssn« 

ffSt©fttffiar*. M^>^««T©8BS 
#6 0 0 0AT&9, /ty KKftK/t^->l 2Saf* 

itmnz-yi 4©J¥£©fn#2 0 0 OA, ^tf'fbxg 
. T»s$n*jisft2oooAtrat, «iK{fcit2 

2tJB2Kfttt24tOj»$0»lii 0 0 0 OACJi 
*. ■ . 

[0 0 1 4] ftlftttlR2 214, MliTEOS (tetr 

1 a-ethyl-orthosilicate) -O, ftSfc LTC VD^jfttc 
=fc0^j5E$tl5Kfbffl[ (TEOS-0,*lCtSCV 
D^fb^ (TE0S-0, based CVD oxide film) ) t»j£T 
*. ^2^{bJK2 4IS, «A,tfTEOSft*fcUTPE 
CVD (plasma enhanced CVD) 5jgjs£$n-5 

mtm (TEosftstc-rsPEcvD^bM cteos b 

ased PECVD oxide film) ) T#jfcLfcD, SiH^i 
KlxTPECVD*ffiT»js8Sn«»ft«t (SiHS^fc 
tSPECVDKftJR) T?»J«LfcD. HDP (High D 
ensity Plasma) KftM^fiJcTS. afe-S^tt. f n 
YbK2 2ftHDPB6fl:KtbT*iaEU JB2RftK2 4' 
I4TEOS-0, ft*C"t*CVDifc{b«Tf»J«UTt> 

[0 0 1 5] ^©ckSC, h 1^ >^3te*mBE<k« 2 5ft 

2 ffj; 0 **tt^ifc»j«"r«asf±eiT©a 0 t* 
*. a*©*stJ:»).M^>?«igtft3t«r«*a« 

*. «A«TEOS-0,ftSCf-5CVDHfl:lt©*. 
?*«Jitt*J«S*lfcita©ttI8Ttt#?Ltt«Rft^f 

tmmwL*m^TM^m*w.%\zn pt, hu>^ 



( 4 ) 



5 

*. 1 oo ot£U©K«jRffla*fr&oThi'>?3!s 

.«!ft*«6*ft;T*ziK:fc.5. 

[0016] l^l, hu>?*«*©»dianfcit'« 

OS-O, feSKrTS C VDRfcR£»j«LTRfcBC 
ttJMESft&lffftCtt 1 0 s dyne/cm 2 ©KHfiajSfcfc 

*u Kfl:*&i*«K{tr*fc»©iiftffl3iiiaT?fiK** 

7 0 CCfcSit 1 0" dyne/cm 2 ©K^SIBJ&aSiS 

Atfsiaw:*©*»*«rTEos-o,*sicr«c 

©A#s*j&isi&5r— ^ \z -o t .tt^air -s . 

[0 0 17] *%KTtthU>?ffi«©j(i5SifeSS©t!D 

^^^■©SMfcR. fiPS5l-38«*4*ttt*T«JBl 
SftJK 2 2 iEEtt«*4$ttt*"r*JB 2 *fbR2 4i0 

a*a^«. iE«is*«ttft*T$» i wutm 

K2 5Sr, 1 0 0 0~1 2 0 CCWSST^SILTi^ 



&BB¥l 1 -5 4 6 0 5 

6 



[0 0 18] H4«hU>^«fflK^K2 5©¥*I-ft 
ft»ftttWr«KiilBT*4. *fl:«/^->i4*f8l 
%M±mtLT. SL(tW^fi — >l 4^®ib$n-5S-C 
h >^5*B K^bK 2 5 * C M P 3* *fc tti y a 

[ o o 1 9 ] 0 5 ti* : P&mBite&ditzmR&wi-r 

5 illTS StliL/ fcftfcR/^ - > l 4 Zgfcm 

[0 0 2 0] 2(c3BWTtt. 7. NU*tftt©Jlfc.&2a© 

©«MWRtflMfflS«*K: h U>?*«flttfl;it2 5 CJ; 
.-57. M**RI«-J:*»S***SS 1 0 fCflfl^SttST, 
M^jWM^U *»#»S1 0l*j©^hU^CJ:4.> 
20 U 3 >*»©«£ SJfllftgL 3.5. 

[ 0 0 2 1 ] g 1 H*JS5|8K:«kS h U>34Ht#fe©j» 
*SfMffir*fc»©S!ihB*tSLfct)©T*«. C© 
£RT?tt, KU>5 l *«ffiK{b«2 5**j«r*JgiR- 

<tm2 2 Rtf?$ 2 mim 24 &m4i3.mts\zi&i$i,T h 

>>^*«Rft«2 5©£!R£&1 0 0 0 0 ACL, 
•£©*££ h ls>9-3E9imm.1t&2 5 fc*tt*«Jjfl* h 
UXZiMfeLtc. ZZ\X\ miMltmteEE&fetjft&Z 
*f* TEOS-Oi SSKT* CVDKftfTM 
U J82Kfl:Ktt5iai6:*»ttft#r*TEOSfe*fc' 
30 tSPE'CVDgftlTMLS:. 
[Si] 







m2$mm 






(A) 


(A) 


(dyne/ca J ) 


P0 


1 0000 


0 


4. Ox 10 s 


pi 


90 0 0 


1000 


2. 9xi0" 


P4 


600 0 


4000 


1. 5xl0 8 


. P7 


30 0 0 


7000 


1. 7x10* 


P10 


0 


1 0 0 00 


-8. 6x10* 



[0 0 2 2] 3El©jS«*»6, »lKYfcfltK:tt'<T»2 

[0 0 2 3] Bl 6 liS 1 «DftU->^H:#l/T h l/>f 

4*rf7 7T*5. B6©!$*{;»l©&*£8l£l< 
T3 0»aicaH6Ufcr-^-p*4. ildt. P0©^§ 
£C*DJC* hW-7., IP^fiK&tt-ST, bl^^Sl© 

E2 5£TEOS-0,*XcrsCVDK{bR 



40 ©*T?»j£L,&PS 
^©jJca-tfSMb 
0 6©8iJ££fro 
[0 0 2 4] 06 
t:-^«7SSP0> 

£*M&s©«8"e 

[0 0 2 5] 07 
50 MUfcS, §h 



itftM © J^fiic ©it^*^ ft W$ &3 [z ± 

©^T«. MS©iigT*^ h l/T, 
P1>P4>P7>P1 OiJiofc. 
2 2 iZ&^TfZ 2 tt{bM 2 4 tffflrXS 



ttS 1 ©#U->7 p ;U©jfe#i Lthl/ 

L^c^^frSIS 10t h7>y^?l 
7>v ? X^©^7-7Jl^> h (off — c 



urrent) ¥f&<DW&ftl5m (cumulative distribution 
rate) S*bfe^77TS&«. 0 fcfctfi 

£fig®saw > i"5 ^ i c «fc o , *7-fi>u>h wm^ 

#U>h:7i-;u (fail) t>iiar-5Ct*t^*. ' 
[0 0 2 6] 

[0ffi©ISm&I8?in 

[HI] *«WOhU>^«*j£SR^-r**fSH. 
[02] *5EW©H^>^»li>&fttRWr*»riiBg. 
[&3] *5B9lOhU>^li*ffiSRwr*»fliiH. 
[04] *36WO>U>5 1 »«^ffifRgg-r«»fBH. 



5 > 1 1 - 5 4 6 0 5 
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[0 5] ^^©M^^^lB^ffiSRWfs^jBH. 
[0 6] h U>?*«J§KfcKfcjRfflap3®* hUxt 

[07] hU^^SlKKckSh^vT^co^-^ 

[^^©SJHJ] 
1 0 *g#Stg 

12 Kymimn$-> 

1 4 g{tKA'^-> 

io 1 6 wem 

1 8 KfcK 

2 0 ^T^Jl 

22 mi mm 

2 4 ®2^{tM 

2 5 bls>71&XmMKR 

2 8 




[01] 



[0 2] 



• 16 T x 



10 



[03] 



:H4] 



: 2J t25 20J1 



-10 



i2- 
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[0 6] 



28 
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